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Epicardial damage induced by topical cooling
during paediatric cardiac surgery
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Abstract
Objective-To study electrocardio-

graphic changes in infants and children
in whom topical cooling was used during
surgical repair of congenital heart
defects.
Design-A retrospective study of all

patients who had surgical repair of
congenital heart disease during cold
blood cardioplegia and topical cooling
from January to August 1990. Eleven
patients (group 1) had topical cooling
with ice and 15 (group 2) with cold saline.
Patients-All 36 paediatric patients

operated on during this period. All the
available electrocardiographic records
were analysed. Ten patients in whom
reliable records were not available were
excluded. Twenty six patients entered in
this retrospective study.
Interventions-Topical cooling with

ice or with a slush of cold saline.
Main outcome measure-Recordings

from all the precordial leads were
examined and scored as the sum of the
maximum ST elevation (mV) in each
precordial lead. The score obtained for
each electrocardiogram was recorded
together with the timing of the electro-
cardiogram (preoperative, arrival in
intensive care unit immediately after
surgery, postoperatively in the intensive
care unit, and at discharge).
Results-There were no differences

between the two groups in terms of
demographic data, diagnosis, duration
of ischaemia, and postoperative myo-
cardial performance. There was
temporary ST elevation during the first
48 postoperative hours in all the children
in group 1 but in only seven of the 15
children in group 2 (Fisher's test,
p < 0 005). The mean (SD) score for
maximum ST elevation was 1-34 (0 83)
mV in group 1 and 0 52 (0-64) mV in
group 2 (Student's t test, p < 0 01).
Conclusions-These temporary elec-

trocardiographic changes in the
presence of adequate myocardial per-
formance were attributed to epicardial
damage induced by hypothermic-
osmotic injury. The use of ice for topical
cooling may damage the epicardium in
children.

Topical cardiac hypothermia, used alone or in
conjunction with cold cardioplegia, is a simple

and effective means of protecting the myo-
cardium during cardiac surgery.'-5 Topical
cooling, however, can damage the phrenic
nerveI24-11 and the myocardium.1-23 We saw
temporary electrocardiographic variations that
were probably caused by epicardial damage in
children in whom topical cooling was used
during surgical repair for congenital heart
defects.

Patients and methods
From January to August 1990 36 children had
surgical repair of a congenital heart defect on
cardiopulmonary bypass. In all patients the
myocardium was protected by moderate
hypothermia, cold blood cardioplegia, modified
warm blood reperfusion, and topical cooling
during the ischaemic period.

Initially (January to April 1990) we used ice
for topical cooling. Later (April to August
1990) we used a slush of cold saline (4-80C)
without ice. We retrospectively compared the
patients treated by these two methods in terms
of age, weight, diagnosis, duration of cardio-
pulmonary bypass and aortic cross clamping
time, myocardial enzymes (creatine kinase and
creatine kinase MB), electrocardiograms, and
clinical indices in the intensive care unit
(peripheral pulses, peripheral temperature,
oxygen saturation of the mixed venous blood,
time of extubation, need for inotropic support,
length of stay).

All the available electrocardiograms were
analysed. We examined the traces from all the
precordial leads and obtained an arbitrary score
by adding the maximum ST elevation (mV)
seen in each precordial lead.24 25 The score for
each electrocardiogram was recorded, together
with the timing of the electrocardiogram (that
is, preoperative, arrival in the intensive care
unit immediately after surgery, postoperatively
in the intensive care unit, and at discharge).
We excluded patients for whom we did not

have a complete set of electrocardiograms and
those who required activation of an external
pacemaker during the postoperative electro-
cardiographic recording. All the electro-
cardiograms were analysed by a cardiologist
(CC) who was unaware of the type of topical
cooling used and of the timing of the electro-
cardiogram.
We used Fisher's test to compare the two

groups in terms of the presence or absence of
ST elevation and Student's t test to compare
the two groups in terms of the score for
maximum ST elevation. A probability of
< 0 05 was regarded as significant.
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Table 1 Clinical data

Group I Group 2
Data (topical cooling with ice) (topical cooling without ice)

Number of patients 11 15
Mean age (range) (yr) 7 7 (44-15-1) 5-8 (08-14-2)
Mean weight (range) (kg) 25-0 (15-56) 19-3 (6-47)
Mean duration ofCPBP (range) (min) 53 (36-70) 72 (28-150)
Mean aortic cross clamp (range) (min) 22 (12-37) 35 (7-74)
Mean CK (range) (U/1) 674(147-2130) 874(318-1642)
Mean CK MB (range) (U/1) 61 (20-118) 98 (37-196)

CPBP, cardiopulmonary bypass; CK, creatine kinase.
There were no significant differences between group 1 and group 2 (Wilcoxon test).

Table 2
Electrocardiographic
scores (mV)

Patient ECG score (mV)

Group I
(topical cooling with ice)

1 1-50
2 1-90
3 075
4 1-40
5 1-40
6 050
7 0-15
8 2-30
9 285
10 0-40
1 1 1-55
Mean (SD) 1-34 (0 83)

Group 2
(topical cooling without ice)
1 025
2 1 50
3 1 30
4 1-45
5 0
6 1 20
7 0
8 095
9 0
10 1-20
11 0
12 0
13 0
14 0
15 0
Mean (SD) 0 52 (0 64)

Results
We analysed data for 11 patients who had
topical cooling with ice (group 1) and 15
patients who had topical cooling without ice
(group 2) (table 1). The diagnoses in group 1
patients were subaortic stenosis four, atrial
septal defect three, aortic valve stenosis two,
partial atrioventricular septal defect one, and
partial anomalous pulmonary venous connec-
tion one. In group 2 patients the diagnoses were
atrial septal defect five, ventricular septal defect
three, partial atrioventricular septal defect two,
tetralogy of Fallot two, subaortic stenosis one,
aortic valve stenosis one, and partial anomalous
pulmonary venous connection one.
Therewereno significant differences between

the two groups in terms of age, weight, dura-
tion of cardiopulmonary bypass, duration of
aortic cross clamping, and activity of creatine
kinase and creatine kinase MB (table 1). Nor
were there any differences between the two
groups in terms of the indirect signs of
adequate cardiac output during the post-
operative course (peripheral pulses, peripheral
temperature, oxygen saturation of the mixed
venous blood), early extubation, the need for
inotropic support, and stay in the intensive care
unit.

All patients in group 1 showed ST elevation
in the first 48 hours after operation but only
seven (47%) of the patients in group 2
(p < 0 005). In group 1 the mean (SD) of the
highest electrocardiographic scores was 134
(0 83) (05-2 85) mV whereas in group 2 it was
0-52 (0 64) (0-15) mV, (p < 0 01) (table 2).
None of the patients had electrocardiographic
changes on the first postoperative recording (at
arrival in the intensive care unit). The ST
changes became evident 8-16 hours after
operation and then progressively diminished
24-48 hours after operation. No ST segment
elevation was seen on any of the electro-
cardiograms recorded at discharge (figure).

Discussion
Topical cooling has been reported to provide
better structural and functional protection of
the myocardium in children than in adults.2"28
The myocardial protection provided by topical
cooling is even more efficient in neonates than
in children. Faster and more uniform cooling
can be obtained in the neonatal heart because it
has a relatively small cardiac mass and a greater
surface/wall thickness ratio than the adult
heart.27 In an experimental study of the
isolated, blood perfused neonatal heart
adequate myocardial recovery was reported

after two hours of ischaemia with topical cool-
ing as the only method of myocardial protec-
tion.27 We have always used topical cooling
with blood cardioplegia for myocardial protec-
tion in our paediatric patients. Damage to the1 248-11"phrenic nerve and to the myocardium'823
induced by topical cooling has often been
reported but we were unaware of epicardial
damage in children with this method of
myocardial protection.

In our retrospective study we found evidence
of temporary ST changes in all the patients in
whom topical cooling was achieved with ice
(group 1) but in only half of those in whom
topical cooling was achieved with cold saline
without ice (group 2). Whatever the method we
used for topical cooling myocardial protection
was adequate in all our patients. We therefore
examined the possibility that the epicardium
had been temporarily damaged by prolonged
direct contact with the ice. An interesting study
showed that ice crystals only form after the
saline is "supercooled" to - 7°C and that this
causes the surrounding cold solution to become
hyperosmotic. 8 This thermodynamic effect
could lead to hypothermic-osmotic tissue
damage during topical cardiac cooling. The
commonest example of this is paralysis of the
phrenic nerve.'2"4 1'
The degree of hypothermic-osmotic damage

that could be caused by topical cooling of the
myocardium is less well understood. Direct
hypothermic damage to the heart muscle may
result in disorganisation of the protoplasmic
structure of the cell surface, possibly by
drastically dehydrating the fluid layer
surrounding the protoplasmic surface.'8
Muscle cell membranes start to leak and
proteins become denatured when their
temperature is lowered to a critical "point ofno
return". This "point of no return", however,
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Electrocardiogram in a child (case 9) in whom ice was
usedfor topical cooling (group 1). (A) preoperative
recording; (B), (C), and (D) 6, 11, and 16 hours
postoperatively; (E) at discharge.
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has never been accurately defined.'8 Electron
microscopic studies of smooth muscle prepara-
tions showed that this process was already
evident at temperatures as high as -2 5°C."
As the muscle is frozen to - 20°C more and

more cells show signs of severe structural
damage such as disrupted plasma membranes
and mitochondria, gross alterations to contrac-
tile myofilaments, complete disintegration of
myofilaments and shrinkage of nuclei.23 Walter
also found that hypertonic salt solutions
damaged smooth muscle and he concluded that
sodium chloride is the electrolyte that is most
likely to cause damage during freezing and
thawing.23 Furthermore the myocardial storage
temperature affects the recovery of calcium
ATPase: after storage at 0-40C recovery of
calcium ATPase function was poor, which may
be an explanation for the abnormal relaxation
of stored myocardium."6
We examined our clinical experience in the

light of these reported experimental observa-
tions. We found that (a) the electrocardio-
graphic changes we saw were completely
different from the T wave changes seen after the
pericardiotomy; (b) the electrocardiographic
changes occurred even when myocardial per-
formance was adequate. (This fact supports
our hypothesis that the temporary ST elevation
was an expression of epicardial damage without
depression of the myocardial function.); (c) the
ST changes coincided with the appearance of
epicardial oedema within a few hours of the
hypothermic-osmotic damage, and subse-
quently disappeared with routine fluid
restriction and use of diuretics in the first 48
hours after operation.
We conclude that (a) the topical cooling

obtained with ice may induce temporary
epicardial damage in children even when there
are no adverse clinical occurrences; (b) the
potential for hypothermic-osmotic injury
should be borne in mind whenever topical
cardiac hypothermia is used; (c) epicardial
damage can be avoided if cold saline is used
instead of ice for topical cooling (cold blood
cardioplegia with modified reperfusion and
topical cooling with cold saline gives adequate
myocardial protection).
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